Objectives
==========

The market launch of reciprocating nickel--titanium instruments led to a substantial facilitation of the mechanical root canal preparation. In these systems, usually only one file is necessary for complete preparation, leading not only to a lower expenditure but also to a saving of time, since it made preflaring not mandatory anymore. [@JR_1] [@JR_2] [@JR_3] Complications such as file fracture, canal straightening, or perforation have become rarer and originally, canal anatomy is easier to respect, even in strongly curved canals. [@JR_4] [@JR_5] [@JR_6] Additionally, the critical hygienic treatment of the files can be avoided, since the reciprocating file systems are single-use instruments.

Regarding the mechanical superiority of rotating nickel--titanium instruments compared with stainless steel hand files, [@JR_7] reciprocating instruments are similarly reliable as rotating instruments. [@JR_4] [@JR_8] [@JR_9] [@JR_10] Hitherto, the knowledge about subjective assessment and application quality is scarce. [@JR_11]

Reciproc Blue (VDW; Munich, Germany) is the latest reciprocating file system and succeeds the Reciproc system (VDW) with improved manufacturing methods. The main differences are the metallurgic properties: a new file generation that includes Reciproc Blue is treated in a complex thermical process that results in a visible layer of titanium oxide on the instrument's surface. This treatment entails improved flexibility and fatigue resistance. [@JR_12] The files have an s-shaped profile with two cutting edges and a noncutting tip. *In vitro* trials showed superior mechanical characteristics compared with other reciprocating files on the market. [@JR_13] [@JR_14]

Other studies showed the canal preparation with reciprocating systems to be less technique sensitive [@JR_15] and to be less influenced by the practitioner's experience looking at the successful root canal shaping. Even beginners were able to achieve results of reproducible quality with reciprocating systems [@JR_16] and preferred them over rotating instruments. [@JR_17]

The aim of our study was to evaluate the Reciproc Blue system in undergraduate education. Within the scope of the practical student course, the Reciproc Blue system was implemented in both theory and practice as well as clinical use. On this occasion, students' confidence in mechanical and physical properties as well as the subjective operational safety was assessed on a basis of a questionnaire in different points in time.

Materials and Methods
=====================

By means of a questionnaire, we recorded the individual assessment of 42 undergraduate dentistry students. Hitherto, none of the participants had any experience regarding reciprocating endodontic files. The ethics committee allowed the proceeding (Ref. No. 837.488.17).

A new protocol for canal preparation was introduced for the students in their final year in the scope of the clinical students' course for operative dentistry. Here, the Reciproc Blue system was to be used as the standard instrument for the endodontic first-line therapy following theoretical and practical training. The preparation protocol was carried out according to manufacturer specifications.

The evaluation was performed using a numerical rating scale ranging from 0 to 10 (0 = no confidence; 10 = highest confidence in the respective attribute). The questionnaire contained 10 questions regarding the three main attributes: "handling," "work safety," and "time efficiency," as well as the "overall impression" of the system.

The questionnaire was filled in anonymously at four different times ( *t* ~1~ -- *t* ~4~ ) during the course. The first inquiry was after the theoretical explanation of the system ( *t* ~1~ ), and the second after the first use in resin blocks with artificial root canals ( *t* ~2~ ). The further inquiries were after the first clinical use ( *t* ~3~ ) and at the end of the term after repeated clinical application ( *t* ~4~ ).

The data were recorded using Microsoft Excel 2016 (Microsoft, Redmond, WA, USA) and SPSS software (version 22; IBM Corp, Armonk, NY, USA) and statistically evaluated. By means of a least significant difference post hoc analysis, the group average values were compared. The adjusted level of significance was *p* \< 0.004 after Bonferroni correction.

Results
=======

Altogether, 42 undergraduate students of dentistry without any experience with reciprocating file systems took part in this prospective study. At no point of time, a file fracture was observed. All primary endodontic treatments passed without complications. Every student treated at least six patients' root canals during the course.

In all rating categories, an increase of the score became apparent after the first theoretical instruction ( *t* ~1~ ) ( [Table 1](#TB_1){ref-type="table"} ). After the first practical training in artificial root canals in resin blocks and extracted teeth ( *t* ~2~ ), the estimation of "time efficiency" ( *p* = 0.002), "handling" ( *p* \< 0.001), and "overall impression" ( *p* \< 0.001) improved significantly ( [Fig. 1](#FI00380-1){ref-type="fig"} ) ( [Table 1](#TB_1){ref-type="table"} ). The "overall impression" remained constant and showed no significant changes after the first practical training.

###### Mean values and standard deviations of the estimations in the respective points in time

                       *t* ~1~       *t* ~2~       *t* ~3~       *t* ~4~
  -------------------- ------------- ------------- ------------- -------------
  Handling             7.1 ± 2.07    8.27 ± 1.5    8.02 ± 1.32   8.08 ± 1.17
  Work safety          5.78 ± 2.03   7.02 ± 1.77   7.17 ± 1.53   7.61 ± 1.19
  Time efficiency      7.71 ± 1.49   8.63 ± 1.38   8.43 ± 1.11   8.4 ± 1.32
  Overall impression   6.05 ± 1.78   7.36 ± 1.68   7.43 ± 1.4    7.86 ± 1.39
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Regarding "work safety" of the file, a significant growth of the trust levels was observed after the first practical training ( *t* ~2~ ). At the end of the term ( *t* ~4~ ), the confidence had again increased compared with the first clinical use ( *t* ~3~ ) ( *p* = 0.001) ( [Table 1](#TB_1){ref-type="table"} ).

Discussion
==========

In every category, a significant increase of confidence after first practical model training was noticeable. This level remained steady regarding "handling," "time effectiveness," and "overall impression." For "work safety," a further significant increase was recorded at the end of the term after several times of clinical use. The data indicate the initial reluctance toward the reciprocating system, in particular, toward "work safety." This can be explained by the fact that the participants had no experience with reciprocating file systems so far. Heretofore, mechanical endodontic preparation had been taught by means of a rotating file system.

The use of rotating nickel--titanium instruments in clinical education is widely established, and it was able to show good results in comparison to manual preparation.

Data dealing with reciprocation in clinical education do not exist until the present day, although Muñoz et al showed that a sufficient resin block canal preparation is possible for unexperienced users. [@JR_16] In an investigation by Kwak et al, 81 undergraduate students without any experience prepared each two molars with stainless steel hand files, a rotating nickel--titanium file system and a reciprocating nickel--titanium file system. Here, the students clearly preferred two mechanical nickel--titanium systems over manual preparation, whereby twice as many ( *n* = 55) favored the reciprocating file system over the rotating system. [@JR_17]

Our study collective was already familiar with a rotating mechanical file system and started with a comparatively skeptical attitude toward the new system that shriveled during the term. A study by Bartols et al reported differing results; in this trial, 64 unexperienced students were offered tow rotating (FlexMaster and Mtwo) and one reciprocating (Reciproc) file system were offered for the preparation of collectively 186 model root canals. As a result, the most centric preparation was seen in the reciprocating group, even though the students assessed a rotating file system (Mtwo) as the easiest one to use. [@JR_11]

All comparing studies have in common that mechanical systems are widely preferred over manual preparation, which is consistent with our observations. The reasons for the good acceptance might be flexibility and fracture resistance of the Reciproc blue system. [@JR_3] Furthermore, the fact that the tested system allows a preparation without glide path [@JR_1] [@JR_2] might have eased the use especially for the less trained clinician, even though in the students' education, a glide path was always created interalia due to the increased fracture strength. [@JR_18] As a future recommendation, a comparison between rotating and reciprocating systems among students would be surely of interest. Despite the limitations of a survey assessment study, our results show that Reciproc blue is a safe and well-accepted system even for less-experienced users. It is to be expected that the addition of mechanical systems will replace the traditional manual preparation in teaching more and more.
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